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TRANSONIC LONGITUDINAL AND LA- 

AERODYNAMIC CHARACTERISTICS OF A PRELIMINARY CONCEPT OF A 

FIRST- STAGE HORIZONTAL -TAKE -OFF- AND-HORI ZONTAL- LANDING 
CHANGED 

/ 

d h M A R Y  

Longitudinal and l a t e r a l  s t a b i l i t y  cha rac t e r i s t i c s  have been deter-  
mined f o r  several  wing sect ions and wing-position arrangements of a pre- 
l iminary configuration f o r  a f i r s t - s t age  horizontal- tee-off-and-  
horizontal-landing recoverable booster i n  the  Langley 8-foot t ransonic  
pressure tunnel.  The models t e s t ed  had TO0 d e l t a  wings with symmetrical 
and unsymmetrical wedge-slab sect ions of 2-percent maxirmun thickness.  
The semicylindrical  fuselage w a s  t es ted  with both high-wing and low-wing 
arrangements. 
of-at tack range from -2O t o  14'. 
from 1.6 x 10 6 t o  4.2 x 10 6 and Mach numbers ranged from 0.6 t o  1.2.  

Data were obtained at 0' and 5 O  s ides l ip  over an angle- 
Test Reynolds number per  foot  varied 

The r e s u l t s  showed t h a t  approximately equal increments i n  p i tch ing  
moment resu l ted  from progressively changing the wing section from a 
flat-bottom t o  a symmetrical sect ion,  and f i n a l l y  t o  a f l a t - t o p  section. 
Negative pitching-moment increments also resu l ted  from changing from a 
high-wing t o  a low-wing arrangement. Longitudinal s t a b i l i t y  w a s  gener- 
a l l y  unaffected by e i t h e r  the wing section or  the  wing-fuselage arrange- 
ment. 
the  wing sect ion from f la t  top  t o  f la t  bottom, but  ne i ther  t he  high-wing 
nor low-wing arrangements affected l i f t -d rag - ra t io  cha rac t e r i s t i c s .  No 
s ign i f i can t  changes i n  l a t e ra l -d i r ec t iona l  s t a b i l i t y  were a t t r i b u t e d  t o  
e i t h e r  wing-section change o r  wing-fuselage arrangement. 

Increases  i n  l i f t -d rag  r a t i o ,  up t o  1.2,  resul ted from changing 

U NCLASS f Fl ED T i t l e ,  Unclassified.  * - 



2 

UNCLAS? i -!ED 

INTRODUCTION 

c 

A program has been i n i t i a t e d  t o  inves t iga te  the  aerodynamic charac- 
t e r i s t i c s  of multistage recoverable boosters a t  t ransonic  and hypersonic 
speeds. Results of transonic inves t iga t ions  of a vertical-take-off-and- 
horizontal-landing (VTOHL) booster configuration w i t h  o ther  stages arranged 
i n  tandem have been reported i n  reference 1. An a l t e r n a t e  approach t o  
the  recoverable-booster problem cons is t s  of t he  u t i l i z a t i o n  of a manned 
horizontal  - t ake -off - and-ho r i  zont al- landing r e  cove rab l e  -boo s t e r ( HTOHL ) 
configuration with t h e  upper stages arranged i n  p a r a l l e l  with the  f i r s t  
stage.  

The present invest igat ion w a s  made t o  determine t h e  t ransonic  char- 
a c t e r i s t i c s  of a f i r s t - s t a g e  horizontal-take-off-and-horizontal-landing 
recoverable booster concept. The model consisted of a d e l t a  wing i n  
combination with a body and t a i l  and w a s  approximately 1/50 scale .  The 
configuration w a s  conceived t o  use advanced turboramjet power p l an t s  
f o r  which a l l  the  hydrocarbon f u e l  w a s  considered t o  be car r ied  within 
the  fuselage. Specif icat ions required a maxFmum of 3O,OOO pounds of 
spacecraft weight t o  be boosted in to  a 300-nautical-mile o r b i t  from 
f i r s t - s t a g e  separation a t  M = 6.0 at  about 100,000 f e e t .  Take-off 
wing loading w a s  assumed t o  be 120 pounds per  square foot  and t h e  th rus t -  
weight r a t i o  t o  be 0.60. The landing wing loading of the  f i r s t  stage 
alone was found t o  be about 40 pounds per  square foo t .  
f o r  the f i rs t  stage w a s  i den t i ca l  t o  the  hypersonic c ru ise  vehicle  of 
reference 2. 

. 

The model used 

The t e s t s  were made i n  the  Langley 8-foot t ransonic  pressure tunnel  
over a Mach number range from 0.6 t o  1 .2  and an angle-of-attack range 
from -2' t o  1 4 O  a t  s ides l ip  angles of 0' and 5'. 

6 6 t h e  t e s t  varied from about 1.6 x 10 t o  4.2 x 10 

Reynolds numbers f o r  

per foo t .  

MODEL DESCRIFTION 

The model of the f i r s t - s t a g e  recoverable booster consisted of a 
70' de l t a  wing mounted on a semicylindrical  fuselage w i t h  an ogival  
forebody ( f i g .  1). 
ure 2,  and the  model dimensions are given i n  t a b l e  I. No i n l e t s  o r  
propulsion nacel les  were incorporated i n t o  t h i s  preliminary Configura- 
t i on .  The fuselage length (33 in . )  w a s  i d e n t i c a l  t o  t h e  root chord Of 
the  wing. 
long and an ogival  forebody 7.0 diameters long. 
f o r  the fuselage forebody i s  given i n  f igure  1. 
fuselage was shaped t o  f i t  each wing configuration. 

Photographs of t h e  complete model are shown i n  f ig-  

The fuselage consisted of a semicircular sect ion 6.0 diameters ' 
A table of ordinates  
The surface of t h e  

The fuselage volume 
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w a s  estimated t o  be approximately tha t  required i f  hydrocarbon f u e l s  
were used f o r  turboramjet propulsion. 
car r ied  i n  the  wings because of t h e  temperature problem. 

No f u e l  w a s  considered t o  be 
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The model w a s  arranged so t h a t  r e s u l t s  f o r  e i t h e r  a high-wing o r  a 
low-wing configuration could be obtained by simply t e s t i n g  through a 
complete pos i t ive  and negative angle-of -a t tack range. (See f i g .  1. ) 
Two interchangeable wings were constructed so t h a t  each could be mounted 
e i t h e r  upright or  inverted on the  fuselage. Each wing had a d e l t a  plan- 
form with TO0 leading-edge sweep. 
4-0-percent-chord s t a t ion  was constant and equal t o  2 percent of the  
chord; the t r a i l i n g  edge w a s  b lunt .  One of the  wings had a symmetrical 
wedge forward of the  40-percent-chord s t a t ion  and the  other  wing w a s  
unsymmetrical with one surface f l a t  from the  leading edge t o  the  t r a i l i n g  
edge. The leading-edge radius  w a s  0.012 inch f o r  both wings. Three wing 
sec t ions  were thus  avai lable:  symmetrical, f la t  bottom, and f la t  top .  

The thickness rearward of the  

The v e r t i c a l  f i n  ( f i g .  1) could be mounted e i t h e r  on the  w i n g  side 
f o r  t he  high-wing arrangement or  on the fuselage s ide f o r  t h e  low-wing 
arrangement as shown i n  f igure  1. The planform of t h e  v e r t i c a l  f i n  w a s  
a ha l f -de l ta  with TO0 of leading-edge sweep. 
wedge-slab sect ions with 2-percent thickness rearward of the 4-0-percent- 
chord s t a t ion  and a blunt t r a i l i n g  edge. 

The f i n  had symmetrical 

SYMBOLS 

The r e s u l t s  of the invest igat ion are presented i n  coef f ic ien t  and 
parameter form. The longi tudinal  data a re  re fer red  t o  the  s t a b i l i t y  
axes and t h e  l a t e r a l  data  t o  the  body axes. The moment reference was 
a t  O.25'c which w a s  16.50 inches forward of the model base and i n  the 
plane of symmetry of the  wing. 

CL 
L i f t  l i f t  coef f ic ien t ,  - 
qs 

Drag 
ss 

drag coef f ic ien t ,  CD 

Cm 

c2 

Pitching moment pitching-moment coeff ic ient  about 0.25;, qs E 

Rolling moment rolling-moment coeff ic ient ,  
qSb 

U NCLASSI FI ED 



4 

Cn 

CY 

cLcL 

%L 

acD/acE 

c2 P 

cnP 

cyP 

C 

L/D 

b 

C 

E 

M 

9 

R 

S 

X 

Xac 
s 
- 

Yawing moment 
SSb 

yawing-moment coeff ic ient ,  

Side force side-force coef f ic ien t ,  
ss 

l i f t -curve  slope, &!,/&, per  deg 

longi tudinal  - s t a b i l i  t y  parameter , &,/aCL 

drag-due-to-lift f ac to r  

effective-dihedral parameter, ACZlAp, per  de@; 

d i r ec t iona l - s t ab i l i t y  parameter, ACn/AP, per deg 

side-force parameter, ACy/Ap, per deg 

l i f t -d rag  r a t i o ,  CL/CD 

wing span, i n .  

chord, i n .  

mean aerodynamic chord, based on t o t a l  wing area, i n .  

free-stream Mach number 

free-stream dynamic pressure,  lb/sq f t  

Reynolds number per  foot  

wing area, sq f t  

distance measured from leading edge, i n .  

aerodynamic-center loca t ion  
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a angle of a t tack,  deg 

P angle of s ides l ip ,  deg 

Sub s c r i p t s  : 

b a t  model base 

0 at  zero l i f t  

max m a x i m u m  

APPARATUS AND TESTS 

5 

The tests were made i n  the  Langley 8-foot t ransonic  pressure tunnel  
over a range of Mach numbers from 0.6 t o  1.2 and a range of angles of 
a t t ack  from -2’ t o  14’ at  0’ and 5’ s ides l ip .  The range of test Reynolds 
number per  foDt i s  shown i n  figure 3 t o  vary from 1.6 x 10 6 t o  4.2 x 10 6 . 
Boundary-layer t r a n s i t i o n  w a s  f ixed by a 0.10-inch-wide band of No. 80 
carborundum gra ins  (0.008-inch-diameter g r i t )  located a t  t h e  5-percent- 
chord s t a t ion  on a l l  surfaces,  including t h e  fuselage forebody. Refer- 
ence 3 ind ica tes  t h a t  t h i s  s i ze  of grain w a s  su f f i c i en t  t o  cause 
t r a n s i t i o n .  

Six-component force and moment data were obtained by means of an 
i n t e r n a l l y  mounted strain-gage balance. 
were corrected t o  include balance and s t ing  def lect ions under load. 
a x i a l  force was corrected t o  correspond t o  a base pressure (ac t ing  on 
the  fuselage base together with t h a t  portion of the wing base intercepted 
by the  fuselage)  equal t o  the free-stream pressure.  

Angles of a t t ack  and s i d e s l i p  
The 

The accuracy of the data  has been estimated on the  b a s i s  of repeat-  
a b i l i t y  of data  and balance accuracy t o  be approximately as follows: 

M . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.005 
a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k O . 1  
P , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.1 
C, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.005 

CD . m .  . - * k0.001 
Cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +O.OO2 

. C I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.001 
cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.001 

cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.002 
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PRESENTATION OF RESULTS 

The data  and summary f igu res  a re  presented as follows: 

Figure 

Aerodynamic cha rac t e r i s t i c s  of t he  high-wing arrangement with 

Aerodynamic cha rac t e r i s t i c s  of the low-wing arrangement with 
the f la t - top  wing without and with v e r t i c a l  t a i l .  p = 0' . . .  

p = o o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
the  high-wing arrangement. p = 0' . . . . . . . . . . . . . .  
the  low-wing arrangement. p = Oo . . . . . . . . . . . . . . .  
f l a t - top  wing a t  5' of s ides l ip  . . . . . . . . . . . . . . . .  
t he  low-wing arrangement a t  5 O  of s i d e s l i p  

s t a b i l i t y  and drag parameters . . . . . . . . . . . . . . . . .  

the  flat-bottom wing without and w i t h  v e r t i c a l  t a i l .  

Effect  of wing section on the  aerodynamic cha rac t e r i s t i c s  of 

Effect  of wing section on the  aerodynamic cha rac t e r i s t i c s  of 

Aerodynamic cha rac t e r i s t i c s  of t he  high-wing arrangement with 

Effect  of wing section on the  aerodynamic cha rac t e r i s t i c s  of 

Effect  of wing section and wing arrangement on the  longi tudinal-  

Effect  of wing section and wing arrangement on the  va r i a t ion  of 

Effect  of wing section and wing arrangement on the  va r i a t ion  of 

Effect of wing section and wing arrangement on t h e  va r i a t ion  of 

Effect of wing section and wing arrangement on the  va r i a t ion  of 

Effect  of angle of a t t ack  on the  va r i a t ion  of t he  lateral- 

. . . . . . . . . .  

aerodynamic-center locat ion w i t h  Mach number . . . . . . . . .  
L/D with l i f t  coef f ic ien t  . . . . . . . . . . . . . . . . . . .  
(L/D),, with Mach number . . . . . . . . . . . . . . . . . . .  
lift coeff ic ient  f o r  (L/D),, with Mach number . . . . . . . .  
d i rec t iona l - s t ab i l i t y  parameters with Mach number f o r  t he  high- 
wing arrangement with f l a t - t o p  wing . . . . . . . . . . . . . .  
the  l a t e ra l -d i r ec t iona l - s t ab i l i t y  parameters with Mach number 
f o r  the low-wing arrangement . . . . . . . . . . . . . . . . .  

Effect of wing section and angle of a t t a c k  on the  var ia t ion  of 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

DISCUSSION OF RESULTS 

The e f f e c t s  of wing sect ion on the  longi tudina l  aerodynamic charac- 
t e r i s t i c s  f o r  the high-wing and low-wing arrangements a re  shown i n  f ig -  
ures  6 and 7, respectively.  A subs t an t i a l  pos i t i ve  s h i f t  i n  h,o i s  
shown f o r  the f l a t - top  wing sect ion compared with t h e  flat-bottom wing 
section; t h i s  s h i f t  i s  a t t r i b u t a b l e  t o  the  change from pos i t ive  t o  neg- 
atLve camber. 

8 

For the  low-wing arrangement, f igure  7 shows t h a t  
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approximately equal increment s i n  G, (about 0.007) resu l ted  from 
progressively changing from the  f l a t  bottom, t o  the symmetrical, and 
f i n a l l y  t o  the  f l a t - t o p  wing section. 
f igure  6 shows approximately t h e  same changes f o r  the  f l a t - t o p  and f l a t -  
bottom sections.  Comparison of t he  two f igu res  shows that changing from 
a high-wing t o  a low-wing arrangement caused a change i n  
about 0.004; hence, t he  fuselage contributed about one-half of t he  t o t a l  
increment, o r  about 0.002. Figure 10 shows that ne i ther  the wing section 
nor the  wing-fuselage arrangement caused any s igni f icant  change i n  the 
values of t he  longi tudina l -s tab i l i ty  o r  drag parameters. Figure 11 indi-  
ca tes  a 10-percent rearward shift  i n  aerodynamic center  with increasing 
Mach number through the transonic speed range, as would be expected f o r  
configurations of th i s  type. 

For the  high-wing arrangement, 

Cm,o of 

Examination of f igu res  6 and 7 shows that the  drag polars  f o r  both 
the high-wing and low-wing arrangements are ro ta ted  as a result of the 
change i n  wing-section camber. Improved L/D values f o r  t he  flat- 
bottom wing compared w i t h  e i t h e r  the f l a t - top  o r  symmetrical wings are 
shown i n  f igure  12 over t he  range of test l i f t  coef f ic ien ts .  Figure 1.3 
shows that t h e  value of (L/D)mu was between 0.7 and 1.2 grea te r  f o r  
t he  flat-bottom w i n g  than f o r  the  f l a t - top  wing section. The e f f e c t  of 
wing pos i t ion  (high wing versus low wing) w a s  l e s s  pronounced, and 
within experimental accuracies no e f fec t  i s  shown. Similar t rends and 
conclusions w i t h  regard t o  both wing section and wing posi t ion were 
indicated f o r  M = 4.63 i n  reference 2. Figure 14 shows that the l i f t  
coef f ic ien t  f o r  
changed. T h i s  r e s u l t  i s  a t t r i bu ted  t o  t he  f a c t  t h a t  the  wing thickness  
w a s  s m a l l  (only 2 percent) .  

(L/D),, d id  not sh i f t  when the  wing section w a s  

Figures 15 and 16 generally show ins igni f icant  e f f e c t s  on the 
l a t e ra l -d i r ec t iona l - s t ab i l i t y  parameters, a t t r i bu tab le  t o  e i t h e r  wing 
sect ion o r  wing-fuselage arrangement. Posi t ive d i r ec t iona l  s t a b i l i t y  
i s  shown at  both 
w i t h  angle-of-attack increases.  The effect ive-dihedral  parameter f o r  
t he  low-wing arrangement, however, changed sign with increasing angle 

t o  become zero f o r  some of a t t ack ,  and hence would cause 

flight conditions.  Sp i r a l  i n s t a b i l i t y  would be expected t o  occur, 
therefore .  

a = Oo and loo; only slight de ter iora t ion  occurred 

C d C n P  

CONCLUDING REMARKS 

An inves t iga t ion  has been made of a preliminary configuration f o r  
a f i r s t - s t a g e  horizontal-take-off-and-horizontal-landing recoverable 
booster.  Several  TO0 delta-wing planforms w i t h  wedge-slab sect ions were 
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t e s t ed  in  both high-wing and low-wing arrangements with a semicylindrical 
fuselage i n  t h e  Langley 8-foot transonic pressure tunnel t o  determine 
the  longi tudinal  and l a t e r a l  s t a b i l i t y  charac te r i s t ics .  The Mach numbers 
varied from 0.6 t o  1 .2  and t h e  angle of a t t ack  ranged from -2O t o  14'. 
Data were obtained a t  both 0' and 5' of s ides l ip .  

foot  fo r  t h e  t e s t s  varied from 1.6 x 10 t o  4.2 x 10 . 
Reynolds numbers per 

6 6 

The results showed t h a t  approximately equal increments i n  pi tching 
moment resul ted from progressively changing the wing section from a 
flat-bottom t o  a symmetrical section, and f i n a l l y  t o  a f l a t - top  section. 
Negative pitching-moment increments a l s o  resu l ted  from changing from the  
high-wing t o  the  low-wing arrangement. Longitudinal s t a b i l i t y  w a s  gen- 
e r a l l y  unaffected by e i t h e r  wing section o r  wing-fuselage arrangement. 
Increases i n  l i f t -d rag  r a t i o ,  up t o  1.2,  resu l ted  from changing from the  
f la t - top  t o  t h e  flat-bottom wing, but  t h e  l i f t -d rag  r a t i o  w a s  about t h e  
same f o r  the  high-wing and low-wing arrangements. 
section o r  wing posi t ion did not s ign i f i can t ly  alter the lateral-  
d i rec t iona l  s t a b i l i t y  charac te r i s t ics .  

Changes i n  either wing 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Hampton, V a . ,  March 22, 1962. 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 
L 
1 
9 
7 
5 

Length, overall ,  i n .  . . . . . . . . . . . . . . . . . . . . . .  33.00 

Fuselage : 
Length, in .  . . . . . . . . . . . . . . . . . . . . . . . . .  33.00 
Diameter, in .  . . . . . . . . . . .  ,. . . . . . . . . . . . . .  2.52 
Forebody fineness r a t io ,  Length/Diameter . . . . . . . . . . .  
Afterbody fineness r a t io ,  Length/Diameter . . . . . . . . . .  6.1 
Base area, sq i n .  . . . . . . . . . . . . . . . . . . . . . .  4.16 

7.0 

Wing : 
Total  area, sq in .  . . . . . . . . . . . . . . . . . . . . . .  
Span, in .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
R o o t c h o r d , i n .  . . . . . . . . . . . . . . . . . . . . . .  
Tip chord, i n .  . . . . . . . . . . . . . . . . . . . . . . . .  
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord, in .  . . . . . . . . . . . . . . . . .  
Moment reference center, percent 'c . . . . . . . . . . . . . .  
Moment reference center, in .  frombase . . . . . . . . . . . .  

396 
24.00 
33.00 
0.00 

70 
22.00 

25 
16.50 

Ver t ica l  ta i l :  
Area (exposed), sq i n .  . . . . . . . . . . . . . . . . . . . .  16.43 
span, in .  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.46 
Root chord, in .  . . . . . . . . . . . . . . . . . . . . . . .  9.30 
Tip chord, in .  . . . . . . . . . . . . . . . . . . . . . . . .  0.00 
Leading-edge sweep, deg . . . . . . . . . . . . . . . . . . .  70 
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Deslgn Imebody mordlms 

X Rdlus x Rdlus 

Pian view 

-9.50+ 
T 

f 
.66 

Low-wing arrangement, flat-bottom wing 

Low-wing arrangement, fiat-top wing 

I 
I I 

A r \  - - Y 
7- - 

Low-wing armngement, symmetricoi wihg 

Figure 1.- General arrangement of model. A l l  l i n e a r  dimensions a re  
i n  inches. 
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(a) Three-quarter front view. L-61-2668 

(b) Three-quarter rear view. L-61-2669 

Figure 2.- Photographs of low-wing recoverable booster with symmetrical 
wing installed. 
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(a)  Angle of a t tack plotted against l i f t  coef f ic ien t .  

Figure 4. - Aerodynamic charac te r i s t ics  of the high-wing arrangement 
w i t h  the  f l a t - top  wing without and w i t h  v e r t i c a l  t a i l .  p = 0'. -- 
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(b) Drag coefficient plotted against lift coefficient. 

a 

Figure 4. - Continued. 
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Lift coefficient ,CL 

(c) Pitching-moment coefficient plotted against  lift coefficient. 

Figure 4. - Continued . 
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w 

A 

Lift coefficient ,CL 

(a) Angle of a t tack  p lo t ted  against l i f t  coeff ic ient .  

Figure 5.- Aerodynamic character is t ics  of t he  low-wing arrangement 
0 w i t h  the  flat-bottom wing without and with v e r t i c a l  t a i l .  p = 0 . 
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Lift coefficient ,C, 

(b) Drag coefficient plotted against lift coefficient. 

Figure 5.- Continued. 



19 4 C L A S S  I F I ED 

-.I2 

I -.I6 

-. 20 

In 
P- 
o\ 
rl 

A 

\ 

rl 
I I Q 

‘ 0  1.20 

. 



20 



In 
f- 

16 

12 

8 

4 

0 

a? 
3 5 0  

F 
+ 
0 
- 0)  

0 

0 

-4 - 

UNCLASSIFIED 21 * *  

-. I 0 .I .2 .3 .4 .5 .6 .7 
Lift ccefficient,CL 

(a) Angle of a t tack  plot ted against l i f t  coeff ic ient .  

Figure 6. - Effect of wing section on the aerodynamic charac te r i s t ics  . of the  high-wing arrangement. p = 0'. 
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( c )  Etching-moment coefficient plot ted against  l i f t  coeff ic ient .  

Figure 6. - Continued. 
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-4 o Flat-bottom wing 

& Flat-top wing 

Lift coefficient ,CL 

(a )  Base-drag coef f ic ien t  p lo t t ed  against  l i f t  coef f ic ien t .  

Figure 6. - Concluded. 
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(a) Angle of a t tack  plot ted against  l i f t  coef f ic ien t .  

. 
Figure 7.- Effec t  of wing sect ion on the  aerodynamic cha rac t e r i s t i c s  

of the  low-wing arrangement. p = 0'. 
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Lift coefficient ,CL 

(b) Drag coef f ic ien t  p lo t t ed  against  l i f t  coe f f i c i en t .  

Figure 7. - Continued. 
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(a) Rolling-moment coef f ic ien t  p lo t ted  against  angle of a t tack .  

Figure 8.- Aerodynamic charac te r i s t ics  of t he  high-wing arrangement 
w i t h  f l a t - top  wing a t  5' of s ides l ip .  
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- A - o Symmetrical wing 

(a) Rolling-moment coefficient plotted against angle of attack. 

Figure 9.- Effect of wing section on the aerodynamic characteristics 
of the low-wing arrangement at 5 O  of sideslip. 
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A o Symmetrical wing 

Flat-bottom wing 

(b) Yawing-moment coef f ic ien t  plot ted against  angle of a t tack .  

Figure 9.- Continued. 
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A Symmetrical wing 
A --- Flat-bottom wing 
A - Flat-top wing 
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37 

+ Flat- bottom wing 
Flat-top wing -75- --- 

- 0 .7 .8 .9 I .o 1.1 1.2 " v.6 
Mach number, M L. 

Q) 
t c 
a, (a) High-wing arrangement. 

" 6  A '  .- 
E 

.2 

n 
.6 *7 .8 9 I 00 1.1 1.2 v 

Mach nimber, M 

(b) Low-wing arrangement. 

Figure 11.- Effect of wing section and wing arrangement on the variation 
of aerodynamic-center location with Mach number. 



-5- o Flat-bottom wing 

-&=- Flat-top wing 

Figure 12, 

Lift coefficient,CL 

(a) High-wing arrangement. 

I -  Effect of wing section and wing arrangement on t 
of L/D w i t h  l i f t  coef f ic ien t .  
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- A - o Symmetrical wing 

0 Flat- bottom wng 

~-==L!L- 0 Flat-top wing 

- 6 1 " " " " ' " ' i ' ' "  -.2 -.I 0 .I .2 .3 .4 .5 .6 .7 .a 
Lift coefficient ,CL 

(b) Low-wing arrangement. 

Figure 12.- Concluded. 
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Flat- bottom wing 

Mach number,M 

(a)  High-wing arrangement. 

10 

8 

Symmetrical wing 

Flat - bot tom wing 

Flat - top wing -- 
.7 .8 .9 I .o 1 . 1  1.2 

0 
.6 

Moch number,M 

(b) Low-wing arrangement. 

Figure 13.-  Effect  of wing sect ion and wing arrangement on the  var ia t ion  
of (L/D),, wi th  Mach number. 
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Flat- bottom wins 

Flat -top wing W E  --- 
.8 .9 I .o 

Mach number, M 
(a) =&-wing arrangement. 

1.1 1.2 

Symmetrical wing 

--- Flat- bottom wing 

I I L L  - Flat-top wing 

,8 09 I eo 
Mach number, M 

(b) Low-wing arrangement. 

1.1 I .2 

Figure 14.- Effect of wing section and wing arrangement on the var ia t ion  
of l i f t  coefficient fo r  (L/D)mm w i t h  Mach number. 
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(a )  E f  fective-dihedral parameter plotted against Mach number. 

cnt9 

.OOl 

.6 .7 .8 .9 I .o 1.1 1.2 0 

Mach number, M 

(b) Directional-stabil i ty parameter plot ted against Mach number. 

0 

---- / 

- 

cys 
1.2 

- a 0 0 4  .6 .7 .8 .9 I .o 1.1 
Mach number, M 

( c )  Lateral-force parameter plot ted against Mach number. 

Figure 13.- Effect of angle of a t tack  on the var ia t ion of the l a t e r a l -  
direct ional-s tabi l i ty  parameters with Mach number f o r  the high-wing 
arrangement with f la t - top  wing. 
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NASA-Langley, 1962 L-1973 


